Background-An imbalance in circulating angiogenic factors plays a central role in the pathogenesis of preeclampsia. Methods and Results-We prospectively studied 616 women who were evaluated for suspected preeclampsia. We measured plasma levels of antiangiogenic soluble fms-like tyrosine kinase 1 (sFlt1) and proangiogenic placental growth factor (PlGF) at presentation and examined for an association between the sFlt1/PlGF ratio and subsequent adverse maternal and perinatal outcomes within 2 weeks. The median sFlt1/PlGF ratio at presentation was elevated in participants who experienced any adverse outcome compared with those who did not (47. 
P regnancy-associated hypertension is common, with an incidence rate of Ϸ5% of all deliveries. 1 Of the hypertensive complications associated with pregnancy, preeclampsia is the most likely to result in serious adverse events, including maternal acute renal failure, liver dysfunction, seizures and cerebral accidents, fetal growth restriction, and death of the mother or fetus. Preeclampsia is the leading indication for premature delivery of a fetus and is therefore associated with substantial neonatal morbidity and mortality, as well as considerable healthcare expenditure. 2 
Clinical Perspective on p 919
Preeclampsia is characterized by the presence of elevated blood pressures and proteinuria after 20 weeks of gestation. 3 However, clinical criteria alone may be inadequate to predict adverse outcome because a significant proportion of women may develop complications, including eclampsia and the HELLP syndrome (hemolysis, elevated liver enzymes, and low platelets), without elevated blood pressures or without proteinuria. 4 Conversely, some women with preeclampsia are able to carry a pregnancy to nearly full term without complications. Because of the unpredictable nature of adverse outcomes in this population, women with suspected preeclampsia are often hospitalized for close observation and monitoring, including frequent laboratory testing and evaluation of fetal wellbeing. 3 The decision for preterm delivery of the fetus in the setting of preterm preeclampsia (at Ͻ34 weeks' gestation) is based on the estimated risk of an adverse outcome balanced with the considerable benefit to the fetus if pregnancy is prolonged. Expectant management is usually attempted in women thought to be at high risk for complications until 34 weeks' gestation, after which the neonatal outcomes are excellent and the benefit for the fetus is usually outweighed by the estimated risk to the mother. 3 Despite consensus guidelines outlining the indication for delivery in patients with pregnancy-associated hypertension, risk assessment remains challenging because no sign, symptom, or laboratory test has been shown to predict adverse outcomes with high accuracy. 5, 6 The placentally released proteins soluble fms-like tyrosine kinase-1 (sFlt1) and placental growth factor (PlGF) are altered in the circulation of pregnant women with preeclampsia. 7 sFlt1 antagonizes the action of proangiogenic proteins such as vascular endothelial growth factor and PlGF, which are necessary for normal vascular endothelial homeostasis. 8 Animal studies suggest that elevated circulating antiangiogenic proteins such as sFlt1 can cause almost all complications that characterize human preeclampsia, including hypertension, proteinuria, cerebral edema, hematologic abnormalities, and fetal growth restriction. 7,9 -11 In humans, angiogenic factor levels are altered in women with preeclampsia at diagnosis, as well as weeks before clinical onset. 7, 9, [12] [13] [14] In prospective cohort studies, the ratio of circulating antiangiogenic to proangiogenic protein levels identifies women with early-onset preeclampsia with very high sensitivity and specificity. 15, 16 We hypothesized that elevated sFlt1/PlGF ratios at initial presentation would predict adverse outcomes in pregnant women with suspected preeclampsia, especially in a prespecified group of patients presenting at Ͻ34 weeks' gestation.
Methods

Study Design
From July 2009 through October 2010, we studied women with singleton pregnancies who presented to the obstetric triage unit at the Beth Israel Deaconess Medical Center in Boston, MA, and were evaluated for possible preeclampsia. All participants evaluated were eligible to participate. The cohort represents a population of women from various ethnic and socioeconomic backgrounds. These patients either were referred by their obstetric provider because of signs of preeclampsia or self-presented with symptoms of preeclampsia. Patients were included if the triage care provider deemed an evaluation of preeclampsia necessary. Indications for evaluation included elevated blood pressure, proteinuria, or any symptoms associated with preeclampsia such as headache, visual symptoms, right upper quadrant pain, or edema. Samples were collected within 1 hour of arrival to triage and stored at Ϫ80°C for analysis. The study was approved by the Beth Israel Deaconess Medical Center ethics committee, and all patients provided informed consent.
sFlt1 and PlGF Assays
Automated assays for sFlt1 and PlGF were performed at the clinical laboratory of Charité Hospital (Berlin, Germany) with the commercially available assays on Elecsys platform (Roche Diagnostics, Penzberg, Germany) as previously described. 15, 17 These automated assays take Ϸ20 minutes for the measurement of both the analytes. The interassay coefficient of variance for sFlt1 and PlGF immunoassays ranged from 2.6% to 3.0% and 2.0% to 2.4% respectively. The assay operators were blinded to the clinical information of the participants. The treating physicians were unaware of the test results of sFlt1 and PlGF values.
Diagnosis and Outcomes
Ascertainment of clinical diagnoses and adverse outcomes was based on information collected from the time of presentation through the subsequent 2 weeks. Women could be re-enrolled in the study if they presented again Ͼ2 weeks after initial presentation. The diagnoses of preeclampsia, gestational hypertension, and chronic hypertension were based on modified American College of Obstetricians and Gynecologists criteria. 3 Preeclampsia was defined as a blood pressure Ն140/90 mm Hg on 2 occasions 2 hours to 2 weeks apart after 20 weeks of gestation and proteinuria of Ն300 mg/24 h or urine protein-to-creatinine ratio of Ն0.3 after 20 weeks of gestation. Gestational hypertension was defined as the presence of hypertension as defined above without proteinuria (urine levels of proteinuria below the accepted threshold for preeclampsia), and chronic hypertension was defined as the presence of hypertension before 20 weeks of gestation. Proteinuria on presentation was defined as urine dipstick with Ն2ϩ protein, protein-to-creatinine ratio Ն0.3, or 24-hour urine protein Ն300 mg/d (if available at the time of presentation). Adverse maternal outcomes were defined as the presence of hypertension (blood pressure Ն140/90 mm Hg on 2 occasions 2 hours to 2 weeks apart) plus one of the following: elevated aspartate aminotransferase or alanine aminotransferase (ALT; Ն80 U/L), platelet count Յ100ϫ10 9 /L, disseminated intravascular coagulation, abruption (clinical and/or pathological), pulmonary edema, cerebral hemorrhage, seizure (in a woman without underlying seizure disorder), acute renal failure (creatinine Ͼ114.4 mol/L), or maternal death. 18 The adverse fetal/neonatal outcomes included iatrogenic delivery indicated for hypertensive complications of pregnancy as reported by the primary obstetrician, small-for-gestational-age birth weight (Յ10th percentile for gestational age), abnormal umbilical artery Doppler (absent or reverse flow), fetal death, and neonatal death. 18 Diagnoses and adverse outcomes were adjudicated by 2 study staff members before the availability of assay results.
Statistical Analysis
Baseline characteristics of patients with and without adverse outcomes were compared by use of the Wilcoxon rank-sum test and 2 test when appropriate. The sFlt1/PlGF ratio (value of sFlt1 measured in pg/mL divided by the value of PlGF measured in pg/mL) was used as a measure of circulating angiogenic imbalance on the basis of prior studies showing that this marker was most accurate in discriminating women with and without preeclampsia. 15, 16 Because the distribution of sFlt1/PlGF ratios was skewed, we used the Wilcoxon rank-sum test to compare the median sFlt1/PlGF ratios in participants who did and did not experience adverse outcomes. One-way ANOVA with post hoc Holm-Sidak testing was used to compare the sFlt1/PlGF ratio (after natural log transformation) by diagnosis and type of adverse outcome. After dividing participants into tertiles based on sFlt1/PlGF ratio at presentation, we used single-variable logistic regression to compare the risk of developing an adverse outcome in each tertile stratified by subgroup (normotensive and nonproteinuric). We repeated each of these analyses in women presenting at Ͻ34 weeks' gestation. A post hoc multivariable logistic regression model that included gestational age at presentation, sFlt1/PIGF tertile, and all possible interaction terms found a significant interaction between gestational age at presentation and sFlt1/ PIGF tertile (PϽ0.001). Therefore, the decision to examine models separately by gestational age at presentation was not only clinically but statistically justified.
To determine the value of combinations of factors for the prediction of adverse outcomes, we created single-variable and multivariable logistic regression models using predictors of adverse outcomes. These predictors included blood pressure, laboratory parameters, and demographic information, all available during evaluation in triage. We used receiver-operating characteristic (ROC) analysis to determine the predictive value of combining factors that were independent predictors of adverse outcomes in the logistic regression models. To determine the clinical utility of the sFlt1/PlGF ratio in the prediction of adverse outcomes, we used ROC analysis to determine a cut point of sFlt1/PlGF that would correctly classify the maximum number of participants. The sensitivity, specificity, and positive and negative predictive values for this cut point were calculated. Logistic regression models with ROC analysis were used to determine the predictive value of combining factors such as systolic blood pressure, proteinuria, ALT, uric acid, and sFlt1/PlGF ratio in predicting adverse outcomes. The models were adjusted for maternal age, parity, body mass index, and smoking. Comparisons of areas under the curve (AUCs) were performed by use of a contrast matrix to take differences of the areas under the empirical ROC curves. 19 The Pearson product-moment correlation was used to assess the relationship between sFlt1/PlGF ratio and time elapsed between presentation and delivery (both natural log transformed). Single-variable and multivariable Cox proportional hazards models were used to compare time to delivery in participants with sFlt1/PlGF ratio less than or greater than the cut point derived from ROC analysis, and Kaplan-Meier curves were used to visualize these differences.
All P values were 2 sided, and values of PϽ0.05 were considered statistically significant. All statistical analyses were performed with SAS version 9.2.
Results
Subject Characteristics
During the study period, there were 815 preeclampsia evaluations in the Beth Israel Deaconess Medical Center obstetric triage unit. Overall, 616 evaluations were studied (75% of all evaluations; Figure I in the online-only Data Supplement). Of these evaluations, 81 were repeat evaluations of women previously enrolled. One hundred seventy-six evaluations (28.6%) occurred at Ͻ34 weeks' gestation. Subject characteristics at presentation to obstetric triage, diagnoses, and adverse outcomes are shown in Table 1 . Adverse outcomes occurred in 43.5% of all patients (nϭ268) and 33.5% of participants presenting at Ͻ34 weeks' gestation (nϭ59). Baseline characteristics of women who did and did not experience subsequent adverse outcomes are shown in Table  2 . The subject characteristics of patients who refused participation or were excluded did not differ from patients included in the study with the exception of slightly lower body mass index among patients not included in the study.
sFlt1/PlGF Ratio and Subsequent Clinical Outcomes
As reported in previous studies, 7, 16, 20 the sFlt1/PlGF ratio was associated with the clinical diagnosis of preeclampsia. Participants with gestational hypertension had moderately elevated sFlt1/PlGF ratios, whereas participants with preeclampsia had markedly elevated sFlt1/PlGF ratios compared with participants who had no hypertensive disorder ( Figure 1A) . Similarly, in participants presenting at Ͻ34 weeks' gestation, preeclampsia was associated with dramatically elevated sFlt1/PlGF levels ( Figure 1B ). The individual values of sFlt1, PlGF, and sFlt1/PlGF ratio are shown in Table I in the online-only Data Supplement.
The sFlt1/PlGF ratio at presentation was associated with subsequent adverse outcomes (Figure 2A and 2B). The median sFlt1/PlGF ratio in women who had any adverse outcome (nϭ268) versus no adverse outcome (nϭ348) was 47.0 (25th-75th percentile, 15.5-112.2) versus 10.8 (25th-75th percentile, 4.1-28.6; PϽ0.0001). In women presenting at Ͻ34 weeks' gestation, the median sFlt1/PlGF ratio in women who experienced any adverse outcome (nϭ59) versus no adverse outcome (nϭ117) was 226.6 (25th-75th percentile, 50.4 -547.3) versus 4.5 (25th-75th percentile, 2.0 to 13.5; PϽ0.0001). Although we were limited by sample size to studying the various adverse outcomes individually, our evaluation of the relatively common adverse outcomes occurring in women presenting at Ͻ34 weeks' gestation (placental abruption, elevated liver enzymes/low platelets, or small-for-gestational-age birth weight/abnormal umbilical artery Doppler) showed that they were also associated with elevated sFlt1/PlGF ratios ( Figure 2C ).
When participants were divided into tertiles based on sFlt1/PlGF ratio, the risk of subsequent adverse outcome was elevated in women with sFlt1/PlGF ratios in the third compared with those in the first tertile (Table 3) . Although the incidence of adverse outcome was lower in women who were nonproteinuric at presentation (31.9% versus 71.0% in women with proteinuria; PϽ0.001) and in women who were normotensive at presentation (26.1% versus 58.0% in hypertensive women; PϽ0.001), the risk of adverse outcome by tertile was similar regardless of hypertension or proteinuria (Table 3 ). In women presenting at Ͻ34 weeks' gestation, the relationship between sFlt1/PlGF tertile and adverse outcomes was even stronger and similarly did not differ on the basis of the presence of hypertension or proteinuria (Table 3) . There were no changes in the results when the model was restricted to only the first triage visit among the participants (Table II in the online-only Data Supplement).
Predictive Accuracy of sFlt1/PlGF
In single-variable logistic regression models including women presenting at Ͻ34 weeks' gestation, greater sFlt1/ PlGF, systolic blood pressure, proteinuria, uric acid, and creatinine and lower platelet count were associated with higher risk of adverse outcomes (PϽ0.001 for sFlt1/PlGF, systolic blood pressure, proteinuria, and uric acid; Pϭ0.008 for creatinine; Pϭ0.006 for platelet count). Other subject characteristics such as maternal age, gestational age, body mass index, smoking, and history of chronic hypertension were not associated with adverse outcomes in women presenting at Ͻ34 weeks' gestation. In multivariable logistic regression models controlling for maternal age, parity, body mass index, and smoking, the factors that remained significant predictors of adverse outcomes were sFlt1/PlGF, systolic blood pressure, proteinuria, uric acid, creatinine, and lower platelet count (PϽ0.001 for sFlt1/PlGF, systolic blood pres- sure, proteinuria, and uric acid; Pϭ0.013 for creatinine; Pϭ0.011 for platelet count).
In women presenting at Ͻ34 weeks' gestation, the sFlt1/ PlGF ratio had superior performance to other parameters measured at the time of presentation, including systolic blood pressure, uric acid, ALT, and creatinine (as defined by greater AUC; Figure 3A ). In patients presenting at Ͻ34 weeks' gestation, the combination of hypertension, proteinuria, and sFlt1/PlGF ratio was superior to hypertension and proteinuria alone for the prediction of adverse outcomes (Table 4) . Uric acid, ALT, creatinine, and platelet count were not significant predictors of adverse outcome when systolic blood pressure, proteinuria, and sFlt1/PlGF were included in the model (Pϭ0.59 for uric acid, Pϭ0.78 for ALT, Pϭ0.74 for creatinine, Pϭ0.78 for platelet count). The AUC was similar when the model was restricted to only the first triage visit among the participants Ratio of soluble fms-like tyrosine kinase 1 (sFlt1) to placental growth factor (PlGF) and adverse outcomes. The distribution of natural logtransformed sFlt1/PlGF ratios at initial presentation by subsequent adverse outcomes is shown. Adverse outcomes were ascertained 2 weeks after presentation. A, Distribution in all participants. B, Distribution among only participants presenting at Ͻ34 weeks' gestation. C, Individual adverse outcomes in women presenting at Ͻ34 weeks' gestation. Placental abruption, elevated liver enzymes and/or low platelets (LFTs/PLTs), and small-for-gestational-age birth weight and/or absent/reversed umbilical artery Doppler (SGA/Doppler) were associated with elevated log-transformed sFlt1/PlGF ratio. The red reference line denotes an sFlt1/PlGF ratio of 85. Participants with Ͼ1 adverse outcome (nϭ5) were assigned to the abruption group or the SGA/Doppler group. Reassignment of these participants to other groups had no effect on the significance of the results. OR indicates odds ratio; CI, confidence interval; and S/P, ratio of soluble fms-like tyrosine kinase 1 to placental growth factor. Adverse outcomes were considered if they occurred within 2 weeks of presentation. Sample sizes and percents for each tertile represent the number of adverse outcomes and the percent of adverse outcomes from all those classified in a tertile.
*In nonproteinuric participants presenting at Ͻ34 weeks' gestation, the reference OR is the incidence of adverse outcome in tertiles 1 and 2 combined.
( Figure II in the online-only Data Supplement). Exclusion of women with adverse outcomes at presentation (5%) did not substantially alter the prediction model. ROC analysis suggested that an sFlt1/PlGF cut point of 85 would allow the maximum number of participants to be correctly classified with regard to adverse outcomes (87%). In women presenting at Ͻ34 weeks' gestation, a cut point of 85 gave a sensitivity of 72.9% and a specificity of 94.0%. Of the 126 women (71.5% of total women) who had an sFlt1/ PlGF ratio Ͻ85, 16 experienced an adverse outcome (Table  III in the online-only Data Supplement). This corresponded to a negative predictive value of 87.3% and a negative likelihood ratio of 0.29. Ten women with low sFlt1/PlGF ratio who experienced adverse outcomes had complicating conditions other than preeclampsia to which their adverse outcomes could have been attributed (Table III in the online-only Data Supplement). In 5 of the remaining 6 women, the adverse outcome recorded was indicated delivery, and the indication for delivery was headache. Of the 50 women with an sFlt1/PlGF ratio Ն85, 7 did not experience an adverse outcome within 2 weeks. This corresponded to a positive predictive value of 86.0% and positive likelihood ratio of 12.2. Interestingly, these 7 patients experienced adverse outcome after 3 weeks (Table IV in the online-only Data Supplement).
When we included participants presenting both before and after 34 weeks' gestation in the ROC analysis, the sFlt1/PlGF ratio had an accuracy similar to the highest systolic blood pressure measured in triage in predicting adverse outcomes (AUCϭ0.76 for sFlt1/PlGF versus 0.74 for systolic blood pressure; Pϭ0.44). In this group, the sFlt1/PlGF ratio remained more accurate than other laboratory values in predicting adverse outcomes occurring within 2 weeks (AUCϭ0.76 versus uric acid [AUCϭ0.67; Pϭ0.0005], serum ALT Figure 3 . Predictive accuracy and correlation with duration of pregnancy of the ratio of soluble fms-like tyrosine kinase 1 (sFlt1) to placental growth factor (PlGF). A, Receiver-operating characteristic curves for the prediction of adverse outcomes with the sFlt1/PlGF ratio, alanine aminotransferase (ALT), uric acid, highest systolic blood pressure measured in triage (SBP), and creatinine in patients presenting at Ͻ34 weeks' gestation. All laboratory values were measured in blood collected at the time of presentation. The area under the curve (AUC) is given for each potential predictor in the legend. All AUCs were significantly different from that of the sFlt1/PlGF ratio alone (PϽ0.01). B, Time from presentation to delivery plotted vs the sFlt1/PlGF ratio at presentation in participants presenting at Ͻ34 weeks' gestation. rϭϪ0.71, PϽ0.0001. C, Kaplan-Meier survival function for time to delivery in participants presenting at Ͻ34 weeks' gestation. Patients were censored at delivery or at 34 weeks' gestation. 
sFlt1/PlGF and Remaining Duration of Pregnancy
The sFlt1/PlGF ratio was inversely correlated with the time elapsed between presentation and delivery (natural log transformed; rϭϪ0.51, PϽ0.0001) in all participants. This relationship was strengthened with elimination of women presenting at 34 weeks gestation or greater (rϭϪ0.71, PϽ0.0001; Figure 3B ). Overall, among women presenting at Ͻ34 weeks' gestation, delivery occurred within 2 weeks of presentation in 86.0% of women with sFlt1/PlGF ratio Ն85 compared with 15.8% of women with sFlt1/PlGF ratio Ͻ85 (PϽ0.001). Time-to-event analysis confirmed a relationship between sFlt1/PlGF ratio and time to delivery at Ͻ34 weeks' gestation (hazard ratio, 15.2; 95% confidence interval, 8.1-28.7; Figure  3C ). This relationship was slightly attenuated but remained significant after adjustment for gestational age at presentation, highest systolic blood pressure measured in triage, and proteinuria at presentation (hazard ratio, 9.4; 95% confidence interval, 4.7-18.7).
Discussion
This study focused on third-trimester women evaluated for suspected preeclampsia. The data indicate that a plasma sFlt1/PlGF ratio Ն85 at presentation was associated with adverse outcomes and imminent delivery within 2 weeks of presentation. Moreover, in women presenting before gestational week 34, the ratio of sFlt1/PlGF performed considerably better than other laboratory tests and clinical signs currently used to predict such outcomes. These angiogenic factor assays performed particularly well in women presenting atypically with relatively normal blood pressures or with no proteinuria. Notably, the sFlt1/PlGF ratio at presentation was inversely correlated with the remaining duration of pregnancy. These results suggest that the sFlt1/PlGF ratio may be a useful tool for the triage of women undergoing initial evaluation for suspected preeclampsia. These data have important clinical implications. Currently, the risk stratification of patients with preeclampsia is dependent on the classification of women into 3 major categories: no preeclampsia, mild preeclampsia, or severe preeclampsia. Diagnosis of preeclampsia frequently requires hospital admission because 24 to 48 hours may be needed to evaluate serial blood pressure and laboratory values and to collect a 24-hour urine specimen for quantification of protein. 3 This information is used to guide the decision to pursue expectant management, especially when patients present at Ͻ34 weeks' gestation. However, previous studies have suggested that these criteria are inaccurate in predicting maternal and fetal complications. 5, 21, 22 Consistent with this, we found fair predictive value for laboratory values and signs generally considered indicative of severe preeclampsia. In contrast, the sFlt1/PlGF ratio had high predictive value in women at Ͻ34 weeks' gestation and was particularly useful among participants who presented atypically.
Accurate risk stratification of women with suspected preeclampsia has the potential to reduce unnecessary admissions, inappropriate discharges; and the considerable morbidity associated with iatrogenic preterm delivery. For example, women with nonspecific symptoms (eg, headache) may not require immediate delivery if the sFlt1/PlGF is low and other concerning signs are not present. Conversely, women presenting with atypical signs and symptoms, eg, those without hypertension and/or proteinuria, may not be currently classified as high risk for adverse outcomes but may in fact be at considerable risk if the sFlt1/PlGF ratio is high. Identifying these high-risk women at initial presentation may provide an opportunity for expedited transfer to higher-level medical facilities, administration of betamethasone, and appropriate counseling for anticipated preterm delivery. Furthermore, the sFlt1/PlGF ratio may be useful as a surrogate end point in ongoing clinical trials of therapy for preeclampsia. 23, 24 Moreover, the addition of a test that accurately predicts subsequent adverse outcomes to initial preeclampsia evaluation has the potential to decrease costs associated with multiple outpatient evaluations and inpatient admissions in women with suspected preeclampsia. Although the data presented here provide compelling evidence that sFlt1/PlGF testing may be a useful adjunct to preeclampsia evaluation, this requires further testing in randomized trials.
The sFlt1/PlGF ratio did not identify women at risk of adverse outcomes related to conditions such as acute fatty liver of pregnancy, longstanding oligohydramnios, or chronic hypertension, suggesting that these markers are quite specific for preeclampsia. The predictive accuracy of the sFlt1/PlGF ratio was best in women presenting at gestational ages Ͻ34 weeks. The reason could be that obstetric care providers have a lower threshold for delivering women after 34 weeks' gestation 25, 26 ; thus, women presenting at late gestational ages with any suspicion of preeclampsia will likely be delivered. When indicated delivery was eliminated from the composite outcome measure, the sFlt1/PlGF ratio performed significantly better in the full cohort of women (data not shown). It is also possible that because sFlt1/PlGF ratios tend to increase slightly after 36 weeks' gestation in all women, 20 the sFlt1/PlGF ratio may not have the same discriminatory power at late gestational ages. Despite these considerations, because of the substantial risk of neonatal morbidity in women presenting at Ͻ34 weeks' gestation, accurate risk prediction has the greatest potential for benefit in this subgroup of patients. 27 We found that the AUC was highest for the sFlt1/PlGF ratio compared with individual biomarkers alone (Table IA and IB in the online-only Data Supplement). This ratio has previously been shown to be highly correlated with preeclampsia diagnosis, 15, 16 which supports prior findings that suggest that an angiogenic imbalance exists in women with preeclampsia with elevated levels of an antiangiogenic factor (sFlt1) and low levels of a proangiogenic factor (PlGF). 7, 9, 12 Although previous studies have shown that sFlt1 and/or PlGF levels may be useful in the diagnosis of preeclampsia, 15, 16 we were unable to locate any studies that examined the association between levels of these proteins and subsequent adverse maternal and perinatal outcomes. Our data therefore extend the findings of prior studies showing that a higher sFlt1/PlGF ratio is associated with the diagnosis of preeclampsia and more severe disease. 7, 9, 13, 28 Previous studies examining methods for risk stratification of women with hypertensive disorders of pregnancy have generally shown these methods to have fair accuracy. 5, 29 A recent prospective study used clinically available information to predict the risk of adverse outcomes in preeclampsia with an accuracy comparable to that described in the present study. 30 Several important differences exist between that study and our own, including a different study population, alternative adverse outcomes, and different time periods during which these outcomes were assessed.
Preeclampsia is a multisystem disease disorder, although its characteristic lesion, glomerular endotheliosis, occurs in the kidney. However, clinicians currently diagnose preeclampsia using clinical parameters: the appearance of de novo third-trimester hypertension and proteinuria. As demonstrated in the literature during a period when renal biopsies were performed, the clinical diagnosis was incorrect in as many as 15% to 20% of nulliparas and Ͼ30% of multiparas. 31 More recently, data from animal models have demonstrated that glomerular endotheliosis is a consequence of neutralization of vascular endothelial growth factor signaling by sFlt1 in the glomerulus. 9, 32, 33 These findings suggest the possibility that abnormally high sFlt1 levels may serve as a surrogate for glomerular endotheliosis, thus delineating those women in whom diagnosis is most certain and in whom higher levels of sFlt1 result in more severe endothelial abnormalities. Although this is speculative, the data here demonstrating the accuracy of the angiogenic factors in predicting adverse outcomes support this hypothesis.
Some limitations of our study merit consideration. This study was observational, and current practice limited the ability to fully test the accuracy of the sFlt1/PlGF ratio for risk stratification. Demonstrative of this is the fact that several women with low sFlt1/PlGF ratios were classified as having adverse outcomes (indicated delivery) even though they were delivered for a potentially benign reason: headache. It is unclear whether headache in these women was related to impending eclampsia or more common non-preeclampsiarelated causes. A larger study with the exclusion of indicated delivery from the composite outcome measure might have partially addressed this limitation, but the fortunate rarity of devastating outcomes (such as eclampsia and death) in the developed world will continue to limit the ability of an observational study to test the true accuracy of the sFlt1/PlGF ratio. Because of the limited sample size, we were unable to examine in detail the various adverse outcomes individually. In addition, because this is an observational study, we cannot evaluate whether the alterations in these biomarkers are the cause or effect of preeclampsia.
Conclusions
The sFlt1/PlGF ratio is strongly associated with adverse outcomes and imminent delivery in women presenting with signs and/or symptoms of preeclampsia in this pilot study. The use of the sFlt1/PlGF ratio for risk stratification of women undergoing preeclampsia evaluation in the obstetric triage unit has the potential to reduce both morbidity and healthcare costs. The availability of a method like this to quickly and accurately assess risk for preeclampsiaassociated adverse outcomes at initial presentation could aid in the management of patients with suspected preeclampsia. Future studies should validate our findings in large multicenter cohorts in different populations to determine the impact of clinical decisions based on results of sFlt1/PlGF testing on health outcomes and to assess the cost-effectiveness of management strategies based on sFlt1/PlGF testing.
CLINICAL PERSPECTIVE
Preeclampsia is one of the most common medical complications of pregnancy, yet identification of patients at risk for preeclampsia-related adverse outcome remains elusive. Circulating angiogenic factors are involved in the pathogenesis of preeclampsia; thus, we hypothesized that altered angiogenic factor levels predict adverse maternal and perinatal outcomes in women being evaluated for preeclampsia. Here, we report 3 new findings. First, in women with suspicion of preeclampsia, the ratio of soluble fms-like tyrosine kinase 1 (sFlt1) to placental growth factor (PlGF) at presentation is strongly associated with subsequent maternal and perinatal adverse outcomes. Second, in women presenting at Ͻ34 weeks' gestation, the sFlt1/PlGF ratio performs better than other currently available clinical signs and laboratory tests in the prediction of adverse outcomes. Third, the sFlt1/PlGF ratio is inversely correlated with the duration of pregnancy. Estimating the timing of delivery will help risk stratify patients, determine whether patients should be transferred to a tertiary care facility for anticipated delivery, and assess whether administration of steroids is warranted. The sFlt1/PlGF ratio accurately predicts subsequent adverse outcomes and has the potential to decrease costs associated with multiple outpatient evaluations and inpatient admissions in women with suspected preeclampsia.
